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cells, for some carrier loss *>ill always be experienced 
CELLULAR TELEPHONE DATA when the radio signal used for cellular telephone com- 

COMMUNICATION SYSTEM AND METHOD niunicaiion is switched between the low power trans- 
J-*^-> Q.I ^ mission stations of adjacent cells. 

' The present invention incorporates a microfiche ap- 5 It. the cellular telephone environment, 

pendu with one microfiche having 75 frames, errors are induced into data transmission because of the 

penau wim c e problems associated with cellular telephone communi- 

TECHNICAL FIELD anon. Echo and fading problems cause multiple bit 

The present invention relates to telephone data com- errors in the data stream, and such problems occur 
mumcauonssysteimgei.erany.ai.dmoreparticula^to 10 frequently wth a mov,„g vehicle. For «"Vfe*« 
a data communication system which fa adapted to effec- transmittal sigud may hi i > biulding or other dtemele 

tively transmit adata stream over a cellular telephone "^^"^^"^"^i^SSS; 

network from the cell antenna. This high frequency of error in 

nB the data stream transmitted by cellular transmission 

BACKGROUND ART ls re ndere the error correction protocol present in con- 

^ Modem computer and telephone system technology ventional wire line modems unsalable for eeUular use. 

havVmade the transmission of computer originated data Errors occur » frequently in a ceMar environment 

o^er Conventional telephone lines a commonplace that the number of repeat requests tecomes larps and 

event In such systems, a computer is connected data transmission efficiency is reduced below an accept- 

through a suitable interface, such an a RS 232 interface, 20 able amount. In some instances, errors may occur so 

= , 0 -rovide serial data signals to a conventional wire line often that a correct packet may never be received. 

modem; With modems of this type, when signal quality Thus, the error correction protocol present in conven- 

W changes induce errors in the modem data stream, an tional telephone modems is unable to cope with the 

ARC (Automatic Repeat Request) or packet repeat problems presented in a cellular environment. 

- £heme b «v»ticSy employed foVconirolling 23 Finally, as previously indicated, the conventional 
U 1 AeTmors This requires a complete repeat of numer- Wire line telephone modem incorporates scrambler car- 

* . JS5S time'a, dSf the bytes of cuitry to ensure that ^-M^""; 
ffi data in the packet are received correctly. However, the ously changing to provide synchronic* for the 

* "w frequency of signal quality change induced errors modem PLL circuitry. However-sucb scramblers em- 

\7u~* «f ^^Trr>M;«r» rfrw number of bit errors received. If a single bit error occurs 

h ■^XtfaSLi uchnology provides a ^fe«^*ft^^J*^j£ 

- scrambled modulated signal to the telephone line which be presented when received, but m addition, that error 
+ Xot be interpreted by telephoWequipment as a will propagate through the scrambler polynia! and 
¥ valid switch command. To accomplish this, conven- 35 later cause two additional errors in the received data 
--. i rional wire line modems are provided with a scrambler presented to the user. These errors coupled with those 
J! Si whfch JZm that the modulated signal is con- normally inherent with a cellular telephone system , wfl 
^ anuowly changing. This changing signal is used by the completely overwhelm the error correction circuitry 
f* modem PLL (Phase Locked Loop) circuitry to provide present in a conventional modem. 

synchronization, for without this scramble modulated 40 In the past, systems have been developed for commu- 
igS a smtic condition of the modem will cause the nicating data between a plurality of Seo^phg zones 
PLL to loose synchronic and the telephone equip- and a host comply ^ * P^"*~ *S 
ment to interpret the static signal as a switch command. systems are disclosed In U.S. Pat. Nos 4,525.861 end 
"XSSSi telephone modems have operated ef- 4,545,071 to Thomas A Freeburg.- Although jtae pa- 
feaively to uiterfece computers with a telephone sys- 45 tented systems effectively provide data commutations 
L for data transmission; but these modems do not from a host computer throughout a, ^P^ 8 "* 
operate effectively to provide data transmission over divided into zones, they do not Bddre^ tiie problems 
conventional cellular telephone equipment In a cellular presented by band-off or echomg and fading m a cellu- 
telephone system, data transmission must occur to and lar telephone system, 
from a moving vehicle which may be passing between so DISCLOSURE OF THE INVENTION 

geographic cells, each of which has its own transmit/- vide a novel and improved method and apparatus for 
SSfSS^^ . transmitting data signals over a cellular telephone sys- 

For conventional cellular telephone voice communica- 53 teoi. , ■ 

travelling *™ugh a city passes ^f^^^^SSS^ 
from cell to cell, and the signal is transferred from an- a novel and improved method for transmitting Jam 
Sma n anW This transfer process interrupts com- over a cellular telephone system by means of a modem 
murica^Tor a brief period, normally a fraction of a connected to the cellular telephone system. The modem 
Z^d Lno^u^a problem foVvoic e commu- « bmMh^Jnib»m^«^^V^^ 
Son^owever, for dm communicarjons, this time period altera loss of the system «r«r Mgnalbe- 
Woff 1 process esults in significant problem if con- fore it is permmed to deaorvate anc I « 
ventional wire line modems art used, in the activated state after the loss of the Mxncrrfpnal 

A wire line modem for use with normal telephone if the earner signal resumes within the predetermined 
emrirjraent will disconnect upon experiencing a carrier 65 time period. . „ . . 

SaHoss. Thus, such a modem, when used with a ^^^^^"TT^^^ 
cellular telephone system, will disconnect each time the a flovel and improved method Tor " an ™ n 8j^ 
vehicle in which the modem is mounted travels between over a cellular telephone system by means of a modem 
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connected to the cellular telephone system which in- provides a repetitive synchronization byte to the cellu- 

cludes adding error control correction data to the data lar modem during a break in the data stream thereto, 

signal before providing the data signal to the modem. A further object of the present invention is to provide 

Yet another object of the present invention is to pro- a novel and improved cellular telephone data communj* 

vide a novel and improved method for transmitting data 5 cation system for transmitting data from a computer 

over a cellular telephone system by means of a modem over a cellular telephone network which incorporates a 

connected to the cellular telephone system which in- mobile data programming interface adapted to operate 

eludes repetitively providing a unique data byte- to said with a static data programming interface. Both such 

modem during a break in the data signal to the modem. interfaces operate to diner transmit or receive data and 

A further object of the present invention is to provide 10 cooperate with an associated external computer used to 

a novel and improved method for transmitting data provide a stream of data co be transmitted. Each inter* 

over a cellular telephone system by means of a modem face includes a roicroporcessor which is programmed to 

connected to the cellular telephone system which in- adapt the transmitted data to the high error frequency 

eludes adding error control correction data to a data prevalent in the cellular telephone environment and to 

signal before it is provided to the modem and the re- 15 control a modem operating in a unique mode for cellu- 

moving said error control correction signal from the lar transmission. 

data signal at the receiver before the data signal is pro- A still further object of the present invention is to 

vjded to a receiver use device, provide a novel and improved cellular telephone data 

Yet another object of the present invention is to pro- ^ communication system for transmitting data from a 

t=* 1 vide a novel and improved method for transmitting data 20 computer over a cellular telephone network which 

yn 0 ver a cellular telephone system by means of a modem incorporates a mobile data programming interface 

ffi connected to the cellular telephone system which in- adapted to operate with a static data programming in- 

: '] dudes providing no scrambler polynomial in the terface to overcome the effects of signal error causing 

^ modem, but instead adding error control correction factors in the cellular telephone system environment. 

If: data to the data signal before providing said data signal 25 The transmitting interface adds an error detection and 

j=j to fie modem. This error control correction signal correction format to the data signal and the receiving 

!JJ consists of a sliding packet ARQ wherein the packet interface removes this format from a received data sig- 

^ size changes or slides based on the transmission quality rial which is sent to a use device. The receiving interface 

=£i of the transmission. The packet size is increased for a responds to the error detection and correction portion 

^good transmission signal and decreased for a bad trans- 30 of the received Bignal to check the data for error and to 

L : Tmission signal. This is combined with a forward error either acknowledge receipt of acceptable data or to 

V ^correction Bignal. provide an error indication to the transmitting interface 

4*1 , Another object of the present invention is to provide by withholding the acknowledgment The ttansrnttting 

y ; a novel and improved cellular telephone dAta communi- interface evaluates the errors in the received data 

V, cation system for transmitting data from a computer 35 stream and varies a data packet repeat size for subse- 

over a cellular telephone unit This system includes a quently transmitted data. Also the transmitting interface 

CI -microprocessor which is connected between the com- retransmits previously transmitted data which was 

y : . .puter and a special cellular telephone modem to control found to be erroneous at the receiving interface. 

:the operation of the modem. The microprocessor pre- DESCRIPTION OF THE DRAWINGS 

Avents modem disconnect upon the loss of a earner sig- 40 

-jial for periods less than a predetermined disconnect FIG. 1 is a block diagram of the cellular telephone 

,period, data communication system of the present invention; 

A further object of the present invention is to provide FIG. 2 is a diagram illustrating a manner in which the 

a novel and improved cellular telephone data communi* data signal to be transmitted by the cellular telephone 

cation system for providing communication over a eel- 43 data communication system of the present invention is 

hilar telephone network between a portable computer modified to provide an error detection and correction 

and a computer connected to conventional telephone capability; 

lines by use of unique modems. The portable computer FIG. 3 is a flow chart showing the control functions 

is connected to a modem maintained in a unique state of the microprocessor for a transmitting interface of the 

for cellular transmission by means of a microprocessor 30 cellular telephone data communication system of the 

which controls the operation of the modem. The micro- present invention,- and 

processor adds error control correction data to a data FIG. 4 is a flow chart showing the data processing 

signal from the computer before the data signal is pro- function of the microprocessor for a transmitting inter- 

vided to the modem. The data signal with the modu- face of the cellular telephone data communication sys- 

lated error control correction date is provided by the 55 tem of the present invention. 

modem to a cellular telephone transceiver which trans- ^ MODE FQR q^j^yLSG OUT THE 

tnits the data to a receiving system capable of retrans- INVENTION 

mitting the data over conventional telephone lines. At 

the central computer, a unique modem and micro- The system for transmitting data over a cellular tele- 
processor combination receives the data and removes 60 phone network of the present invention is indicated 
the error correction control signals therefrom before generally at 10 in FIG. L A vehicle mounted mobile 
providing the data signal to a use device. cellular telephone system conventionally includes a 
Yet another object of the present invention is to pro- transceiver 12 which transmits or receives voice signals 
vide a novel and improved cellular telephone data com- in the radio frequency range by means of an antenna 14. 
munication system for transmitting data from a com- 65 Voice signals transmitted by the antenna 14 are re- 
puter over a cellular telephone unit. A microprocessor ceived by an antenna 16 connected to a transceiver IS 
connected between the computer and a unique cellular located in a specific cell area of the cellular telephone 
modem senses a static condition of the modem and network. The transceiver 18 is connected to cellular 
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land line equipment 20 which Is operative to transmit of a conventional RS 232 interfaced included within 

the received signal over conventional telephone lines the mobile data programming interface. Data received 

22. Voice signals from the telephone lines 22 may also by the microprocessor from the pomble computer 36 is 

be transmitted by the transceiver 18 and the antenna 16 provided with unique error .correction signal uiforma- 

back to the antenna 14 to be provided by the transceiver 5 don in the microprocessor before bong provided to a 

12 to a conventional mobils cellular telephone unit The modem AO. 

transceiver 12 is controlled by a cellular telephone sys- The modem 40 may be one of a number of conven- 

tetn control unit 24 which is connected to the trans- liona! modems used for telephone wire line transmission 

ceiver by means of a cellular telephone bus 76. The which has test mode capabilities for deactivating certain 

cellular bus 26, for purposes of description, may be one 10 modem functions. A particular commercially available 

which meets the AMPS (Advanced Mobile Phone Ser- modem suitable for use as the modem 40 is the AMI 

vice) specifications determined by the Federal Commu- 3530 modem manufactured by Gould Advanced Semi- 

nicatioos Commission during test of the cellular system conductors of 3800 Hemstead Road. Santa Clara, Cahf. 

in Chicago. These specifications indicate that control Moderns of this type, when employed for data transnus- 

sunals between the transceiver 12 and the control unit IS ston over conventional telephone lines, will disconnect 

24 should be on an eight bit parallel party line bus and immediately in response to a canter loss. When such 

that the analog signals should be a differential signal modems sense a channel blanked status occasioned by a 

with a nominal -20 dbV level using a 24 wire intercon- carrier loss, they provide a "break bit" output and dis- 

necting cable. A very complete description of the connect. Also, for normal use such modems include a 

AMPS system is provided in "The Bell System Technh 20 scrambler system which assures that the data modulated 

cal Journal". 1979. Vol. 58, No. 1. pp 1-269. signal is continuously changing, and this signal change 

To this point, the cellular telephone system with is used by the modem PLL circuitry to provide syn- 

which the present invention is combined is a convex chroniiation. A non-scrambled modulated signal may 

tioual cellular telephone system, and the mobile portion . be interpreted by the telephone operating equipment as 

of this system is connected to the mobile data program- 25 a valid switch command, and this is particularly true 

rains interface 28 of the present invention. This mobile when the modem is in the static condition. Normally the 

datn programming interface includes a cellular interface scrambler system in the modem prevents this static 

30 which renders the remainder of the mobUe data pro- condition where less of synchronization by the PLL or 

cramming interface compatible with the cellular bns 26 the interpretation of the static signal as a switch com- 

of a particular ceUular telephone system. For example, 30 mand is most likely to occur. However, modems such as 

with AMPS compatible cellular telephones, the cellular the AMI 3530 incorporate a test mode of operation 

interface 30 would consist of an eight bit parallel I/O, wherein the modem is prevented from disconnecting id 

port party line drivers and receivers, operational ampli- response to carrier loss and whwemthe modem scram- 

fiers providing differential driving and receiving analog bier can be deactivated or defeated. Normally, such 

conversion between the -20 dbV signal on the cellular 33 modems would be incapable of effective operaaon in 

bos and the defined levels required by an analog switch this iest mode but it is the availability of lius test mode 

and amditoiiing system 32 for the mobile data pro- that renders modems of this type suitable for use as the 

mumming interface. Cellular interfaces of this type are modem 40. 

known, commercially available items, as exemplified by The data stream from the imcroproce^ X which 

cellular interfaces sold by Motorola Corporation of 40 has been provided with unique error wrrectiondata by 

Schaumbere III or Oki of Japan. the microprocessor, is transmitted by the modem 40 

^n&s^ Seining system 32 is through the analog swhch 32 and cellular mterface 30 

implemented using currently known switching techno!- to the toaracejver 12. This data e then transmitted as a 

00 The system may incorporate CMOS analog radio frequency signal by the antenna 14 to Ae antenna 

switches operative in response to microprocessor gen- 45 16, where it is converted by the aansceiver U and 

erated control signals to switch the state of signal pre- cellular land line equipment 20 to a signal suitable for 

ceasing operational amplifiers. BasieaJly, this analog transrnission over conventional telephone lines 22. 

switch and conditioning system operates to selectively These telephone lmes connect the signal to the : second 

connect various components of the mobile data process- portion of the cellular transmission ^^J*™.*™*- 

ine interface to the cellular interface 30 in a manner to 50 ent invention which is a static data programming inter- 

be described in greater detail. face 42 operative topass data signals to and from the 

The heart of the mobile data F ogramroing interface telephone line 22- The data signals which are passed to 

is a microprocessor 34 which provides control functions the telephone line originate at a host computer 44 which 

for the cellular interface 30 and analog switch and con- cooperates with the static data programming wterface 

ditioning system 32 as well as for other portions of the 55 in a manner similar to the operation of the i»rtawe 

mobile data programming interface to be described. computer 36 with the mobile data programming mter- 

This microprocessor may be a conventional 8/16 bit face 28. . . 

microprocessor, such as the Intel 8088 manufactured by For transmission purposes, the computer 44 provides 

Intel Corporation. The microprocessor includes ran- data to an RS 232 interface 46 winch in wniprovides 

dom access (RAM) and read only (ROM) memory 60 the data to a microprocessor 48. /This ^microprocessor is 

storaire systems which contain the control and data identical in construction and function i to the micro- 

error programs necessary to adapt computer data fox processor 34, and fa programmed with the same control 

cellular telephone transmission. The use of a separate and error correction and other programming. The tm- 

miwewocessor in the motile data processing interface croprocessor 48 adds error correction . and control sig- 

frees the limited memory which is normally available in 65 nals to the data provided from the RS 232 interface, and 

poroSe computers for other uses. then provides the modified data stream to a modem SO. 

A serial data stream is provided to the mieroproces- The modem SO is identical in construction and function 

sor 34 from an ertemal portable computer 36 by means to the modem 40, and operates to transmit the data 
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stream by means of an analog switch and conditioning employed to provide audio communication in place of 

system 52 to a conventional FCC interface 54. The FCC the cellular phone 68, and various memory and encrypt- 

interface provides the data stream to the telephone lines ing devices known to the art to accomplish automatic 

22 where they are sent by means of the cellular land line dialing and similar functions, 

equipment 20 to the transceiver 18. The data is then 5 Before considering in detatt the operation of the mo- 

transmitted to the transceiver 12 which provides it by bile data programming interface 28 and the static data 

means of the cellular interface 30 and the analog switch programming interface 42, it is necessary to understand 

32 to the microprocessor 31 The microprocessor then the manner in which the microprocessor 34 and modem 

removes the error correction and control signals from 40 and the microprocessor 48 and modem 50 coo p e ra te 

the data stream and provides the data through the RS 10 l0 fl <j a pt a data signal for cellular telephone transmis- 

232 interface 38 for display and use by the portable reference to FIG. 2, there is diagramatically 

computer 36. illustrated a data document 76 to be transmitted which 

The static data programming interface 42 receives has originated with the portable computer 36. This data 

data transmitted over the cellular telephone line, and document is divided, by the microprocessor 34, into a 

this incoming data from the FCC interface 54 is fed by 15 pi ura ij ty 0 f packets 78, and for purposes of illustration 

means of the analog switch 52 to the microprocessor 48, m pig ^ f oar packets 0 f equal size are shown. In actu- 

Here the error and control signals are removed from the a document would be divided into many more 

data and the data is then displayed and/or used by the packctfl which wouJd not ncC€3sar j]y of equal size, 

computer 44. lr will be noted that the static data pro- Further| each packet is divided by the microprocessor 

gramming interface 42 and the mobile data program- 20 34 kto a plura^ty ofwords, and for purposes of illustra- 

ming interface 28 are substantially identical in structure ^on in FIG 2, each packet 78 includes two words 80, 

and operation with the exception that the static data Again, a packet would normally contain many.rnore 

programming interface is connected to telephone lines ^ ;w0 wor<Ji but two are shown for pufposes of 

by an FCC interface while the mobUe data program- inusrration . ^ch word in a packet includes three bytes 

ming interface is connected to a cellular telephone sys- 25 find ^ lfte microproccssor 34 w}] j determine 

tern by a cellular interf^ Also, the mobile data pro- whethcf ^ WOrd is a conlrol wonj or a data w0rd 

umwi^ w * F . t *" vu o | » vv v v be data bytes, while byte c is a fo ward error correction 

power converter 62 to provide power to a power bus m^^T^J^^u inl. Z«rAi* 1 u,nrH 

, power to the portable computer 36. Hie static data ** ^ byte. Thus «wdl be noted that byte c» always 

programming interface 42 includes a similar power bus, *"FBC bv <f for datfl control words, 

not shown, which is connected to any conventional 35 Data words are always synchronous with thepacket 

power supply such as the power supply in a building wlu1 ^ «nrbl words may or may not be asyn- 

containing the computer 44 chronous to data. An example of an asynchronous con- 

Although the mobile data programming interface 28 " ol «ori would be an acknowledgement word, while 
.and the static data programming imerface42 must com- « example of a synchronous control word would be 
municate with one another to effectively transmit data 40 lhc P«k* f d word wh "* * * c lasl » cvc fy 
over a cellular telephone system, both of these units can P^et. Synchronous i oonird words are added into the 
..also transmit and receive conventional cellular tele* redundancy check (CRC) which is included in 
phone audio transmissions. The mobile data program- <be P*^t "end" word while asynchronous control 
ming interface 28 includes a telephone interface 66 words do not afTect the CRC of e packet An exemplary 
which may be connected to an external telephone-like 45 fo™ for an asynchronous contro word, for example, 
handset 68 and which operates in conventional manner * c acknowledgement word, would be & control word 
through the analog switch and conditioning system 32 signer for byte a, the packet number for byte b> and 
and cellular interface 30 to transmit and receive audio byte c, the FEC byte. On the other hand, an example of 
communications by means of the transceiver 12. In a » synchronous control word, such as the packet "end 
similar manner, the static data programming interface 50 word", would be a control word signifier for byte a. a 
42 includes a telephone interface 70 which may be con- CRC byte for byte b and the FEC byte as byte c. A 
nected to an external telephone to transmit and receive control word synchronous to the packet indicates that 
audio signals through the telephone interface, the ana- byte b is a data rather than a control byte- 
log switch 52 and the FCC interface 54. Thus, both the The FEC byte causes the receiving microprocessor 
mobile data programming interface 28 and the static 55 to check the data bytes in a data word and determine 
data programming interface 42 are adapted for normal whether or not an error exists in that word* If an error 
audio communication. Like the mobile data program- k detected, the microprocessor 48 will use the FEC 
ming interface, the static data programming interface byte to correct the word at reception- However, if a 
includes a control and display section 72 which is con- predetermined error level in any word within a packet 
nected to the microprocessor 48 and which operates to 60 is exceeded, an acknowledgment signal for the packet 
receive data from which the microprocessor has ex- will not be transmitted back to the transmitting micro- 
traded the control and error signals. processor, thereby causing this microprocessor to re- 

Both the mobile data programming interface 28 and transmit the entire packet. For example, the predeter- 

the static data programming interface 42 will operate mined error level could be a specified number of bits per 

with optional equipment, and an optional equipment 65 word, for example 2 bits. Correction would occur for 

block 74 is shown for the mobile data programming any error of 2 bits or less, but an error in excess of 2 bits 

interface in FIG. 1. This optional equipment might would result in no acknowledgment being transmitted 

include other modems, a microphone which may be for the packet. 
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The microprocessor unit 48 operates in a manner oicm efficiency, or in extremely high error situations. 

Identical lo that of the microprocessor 34 to form data prevent the reception of a eorreei packet, 

packets with control and dau words to transmit data The microprocessors 34 and 4B maintam the modems 

P«Sedfroni*e computer 44. and the microprocessor 40 and SO on line in the event or . . earner «g^ loss 
^operatesintherec^vingmodetocheckihedatQbyte S during data tiansiwssion. As previous! l"*?"* «* 

and S acceptable data onto the computer 36. If the a carrier mutnisswn loss occurs when the velade 

Zsnitamg microprocessor 48 or 34 does not receive bearing the m6bde data prograrmrung internee _28 

actaow taJgement signals back from the receiving mi- passes between cells in a cellular, telephone system. The 

^^oTcorrection. or other procedures to be modems 40 and 50 are operated normally u> the test 

descrioed.areiiihi^ >° mode ° r • «* wluch P reveMS « Jie J nodem 

° ' from automatically disconnecting in response to a car- 

"ReferrinK back to FIG. 2. if die reeeivin6 micro- rier signal loss- Instead, the modem is not permitted to 

processor, in this example the microprocessor 48, exam- disconnect until It receives »disc«ne« s^al fern *e 

ines a received data word and discovers an error in respective microprocessor 34 or 4B. This microproces- 

excessof tbepredetermined error level, it will not trans- 15 sor. which has been sending or receiving data, senses 

mi, . packefacknowledgement signal to the micro- the carrier dgnalloss when "recedes a break ta 

nrocessor 34 The transnritting microprocessor 34 will. from the associated modem, and therefore, the imcrc- 

bythe lack of acknowledgment signals, be informed of processor recognizes a earner loss and inmates a tone 

excess error in a data packet 78, and will operate to delay period before pwmittag the modem tojfteoo. 

w rewnsmit this packet until the data is received in a 20 nect- Generally, the hand-off period between cells of a 

£i substantially crror-free or at least a correctable condi- cellular telephone system causes less than ,a onwecond 

m tion. To tMs point, the transmission of the data package canter signal loss, and consequently, the delay mraated 

tVs has occured in much the same manner as does the trans- by the microprocessor .n response to a earner oss may 

Ssion of a data stream over a telephone wire, How- be anywhere within the range of from two to seven 

« 1 ™et »n the telephone wire environment, the error fre- 25 seconds. This delay penod is sufficient to pernuv re*. 

JC Q ^cyisnota S Ww*«e»P erien « d,1 ' i,hoeUular tabHshmentofthecan-iersignalwhenthelc^ofcarner 

m £££ SansnSion systemTand consequently, a is occasioned by travel between cells. By never allow- 

t: uniform packet repeat process for error correction is ing a earner loss to cause modem i disconnect during this 

+■ acceptable for wireline data transmission. This is not predetermined time delay period, the time needed for 

thecase for cellular telephone transmission, because the 30 the modem to reestablish data transmission after the 

s=: hirii error frequency might well cause multiple packet carrier loss terminates is decreased, thereby improving 

~ to such an extent that no transmission would overall efficiency. Thus, if the earner loss terminates 

+: ever occur. Consequently, the transmitting micro- during the predetermined tune penod set by the micro- 

N< processor of the present invention is programmed with processor, modem disconnect does not occur. On the 

I; „ error correction capability which involves a sliding J5 other hand, the microprocessor will instruct the modem 

J! packet size. This packet size is changed in accordance to disconnect when the date transmission is ended oy 

Q with transmission quality determined by the transmit- the microprocessor, when ithe ccUular «tephone call is 

y : dne microprocessor on the basis of an evaluation of the completed, as sensed by the cellular interface 30 or the 

errer frequency in signals received from previously FCC interface 54 and transmitted to the roieroproces- 

transmitted date. The receiving microprocessor trans- 40 sor, or when the delay penod set by the microprocessor 

mits a data stream to the transmitting microprocessor expires. 

from which this evaluation is made. The packet size is The modems 40 and 50 are not only used m the test 

increased for a good transmission signal and decreased mode to disable the normal modem disconnect or- 

for a bad transmission signal, so that in a high error cuitry. but also are used in a mode which disables the 

situation, the retransmitted packet is of minimum size. 45 modem scrambler circuitry. It is important for effective 

The transmitting microprocessor is continuously evalu- cellular data transmission to prevent the scrambler 

ating the number of errors in the data stream it receives polynomial from mcreasiiig the number of bit errors 

from the receiving microprocessor, and is adjusting the received, for these additional errors further reduce the 

packet size of subsequent transmissions in accordance effectiveness of the error correction scheme. However, 

with this evaluated error data. Thus, as illustrated by 30 with the scrambler defeated, the synchronization of the 

FIG. 2, the packet size 78 might be increased during the modem PLL circuitry is no longer provided and the 

transmission .period by the transmitting microprocessor non-scrambled modulated agnal may be taierpreted by 

to a much larger packet size 82 when transmission er- the telephone company equipment as a valid switch 

rors arc minimal, or, conversely, the transmitting micro- command. Both of these problems are solved by the 

processor might decrease the packet size to a much 35 cooperation between the modem and its associated mi- 

' smaller pack* size 84 as transmission errors mcrease. croprocesor. Considering the microscissor 34 to be 

In the transmission mode, both the microprocessors the transmitting microprocessor, all data sent by the 

34 and 48 provide a sliding packet ARQ wherein the modem 40 is first presented to the modem by the micro. 

racket size changes or slides based on the transmission processor. The rmcroprocessor is programmed to en- 

quality. In a high error situation, the packet size be- 60 sure that the data signal provided to the modem ^nas 

comes smaller and the time required to repeat a packet enough changing signals to keep the modem PLL in 

containing error is lessened. Consequently, in a cellular synchronization and to prevent the telephone 

transmission situation where errors axe occurring fre- equipment from as.ummg the signal ^ ^5^* 

quently a packet of reduced size containing corrected eommand. It must be regconized. however, that data is 

data may te received, while if the packet remained of 65 not always sent by the modem 40 m a contmuous 

greater size, numerous bytes of data would have to be Stream, and that tbemodem .soften in a static condiuon 

retransmitted until all bytes of data in the packet are It is when themodem is in this static condmon that the 

received correctly. This would reduce data transmis- modem PLL may lose synchromzanon or that the tele- 
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phone equipment may interpret the sialic condition as a indicated by the decision block 106. As long as data is 
switch command. Normally, the modem scrambler being transmitted through the microprocessor 34, the 
would prevent this static condition, but in the present NO branch of the decision block 106 takes the decision 
circuit, the transmitting microprocessor knows when to the block 104 to continue the transmission of data, 
the last data byte was presented to the modem and what 5 However, once data transmission is finished, the YES 
the transmission rate or the modem is. With this infer- branch of the decision block 106 is taken to the modem 
mation, the microprocessor determines when the disconnect block 108 where the microprocessor in- 
modem is in a static condition, and immediately initiates Btructs the modem to terminate its function. Then the 
the presentation of a unique byte of data to the modem. analog switch and conditioning system 32 is instructed. 
This unique byte is repeatedly presented until data is 10 as indicated by the block 110, to disconnect the path 
again available for transmission, or, in the alternative, between the modem and the cellular interface and to 
until the modem is shut down. The characteristics of reconnect the microprocessor which, at 112, instructs 
this unioue byte, hereinafter known as the 'synch byte, the cellular interface to hang up the telephone and ter- 
are such thai the bit stream is always changing, and the minate the call before exiting at 114. 
receiving modem recognizes this byte as a synch byte 15 Referring now to PIG, 4, a flow diagram Is provided 
and not a valid data byte. These' two conditions can be to illustrate in detail the operation of the microproces- , 
met by many different bytes, and the choice of which sor 34 during the block shown at 104 in FIG. 3 when 
one to use is arbitrary. data transmission is occuring. Again, the coding of the 
Since the structure and operation of the mobile data ' process steps used by the microprocessor 34 into the 
programming interface 2* anil the static data program- 20 instructions suitable to control the microprocessor will 
mmg interface 42 are substantially the same, it wiD be be understood by one having ordinary skill in the art • 
recognized that both operate in the same manner to and are fully illustrated by the appendixed program, 
either transmit or receive data. Therefore, for purposes Entering the flow chart at a start block ll6 t a data 
of description, the mobile data programming interface stream provided by the portable computer 36 through 
23 will herein be described in connection with the trans- 25 the RS 232 interface 38 is received by the microproces- 
mission of data and the static data programming inter- sor 3f as indicated by the block 118. Next, the data 
face 42 will be described in connection with tha|reccp- signal is modulated with the error detection and correc- 
tion of such data, but it must be noted thai the roles can lion arid other control bytes described in connection 
be reversed. * with FIG. 2,, as illustrated by the block 120 and the 
deferring now to FIG. 3, there is illustrated a flow 30 modulated data stream is stored at 122. The data is then 
chatt including the basic process steps used by the mi- transmitted to the modem at 124, and the modem pro- 
crojVocessor 34 in transmitting a data signal over the vides the data to the cellular interface for transmission, 
cellumr telephone system. The coding of the process As previously indicated, the microprocessor provides 
steps \f this flow chart into the instructions suitable to the data to the modem in a modulated signal which has 
control the microprocessor 34 will be understandable to 35 enough changing signals to keep the modem PLL in 
one haVing ordinary skill in the art of programming, synchronization. However, during the operation of the 
and is illustrated in detail in the appendixed microfiche modem, the microprocessor monitors the data and 
program! The flow chart of FIG. 3 is begun at start modem operation to make sure that the modem is not 
, block seAand the microprocessor 34 is adapted to re- static. The microprocessor uses the transmission rate of 
,ccive diajng instructions as indicated by block 88 40 the modem and the time when the last data byte was 
. which oriSiate at the portable computer 36 or from presented to determine when the modem is in a static 
iome otherAsouroe. These instructions command the condition, and as indicated by the decision block 126, 
mieroprocesSbr to connect the system to a designated when the modem is static, the YES line to the block 128 
telephone nuAbcr (123-4567) and the received instnic- shows that a repetitive synch byte is generated which is 
rions are stor& in the microprocessor as shown by 45 transmitted to the modem. 

block 90. In response to the instructions, the micro- When the modem is not in the static condition, the 
processor then Spcrates to cause the analog switch and NO line from the decision block 126 to the block 130 
conditioning system 32 to complete an instruction path indicates that the microprocessor waits for the receipt 
to the cellular interface 30 as taught at 94. With this of acknowledgment signals from the receiving micro- 
path completed, the microprocessor operates at 96 to 30 processor 43 for each word and packet of data transmit* 
transmit the stora) call control signals to the cellular ted. In the event of a loss of carrier signals, the micro- 
interface with thdinstructions to cause the cellular in- processors 32 and 48 respond to a "break bit" from the 
terface to send tne eight bit parallel control signals , modem and initiate a time clock before permitting 
required to dial thebhone number 123-4567..The micro-.! modem disconnect. As indicated by the decision block 
processor then wailb for the call to be answered, and if 55 132, when the awaited carrier signals are totally missing 
this does not occuxl the NO branch is taken from the for a time t which is equal to or greater than a preoeter- 
decision block 98 td block 100 to exit from the flow mined time x, the YES line to a modem disconnect 
chart in FIG. 3. However, if the call is answered* the block 134 is followed. At this point, the same operation 
YES branch is taken mm the decision block 98 to block which has occured with the blocks 108, 110, 112 and 
102, where the microrJrocessor 34 instructs the analog 60 114 in FIG. 3 occurs, and the modem is disconnected 
switch and conditioning system 32 to switch the signal from the cellular interface. The cellular interface is 
path from the cellular interface to the modem 40. Subse- reconnected to the microprocessor at 136 which in- 
quemly, at block 104, thimodem is instructed to trans- structs the cellular interface to perform a hang-up oper- 
mit data received by the microprocessor, ation before exiting at 140. 

The specific control functions of the microprocessor 65 On the other hand, if the time when no carrier signals 

34 during the transmission of a data stream are illus- are received is less than the predetermined delay time 

trated in greater detail in FIG. 4 ( and for purposes of period x, then the NO line from the decision block 132 

this description* the data transmission is monitored as to a date error frequency determination block 142 be- 




